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. Electropherograms of genomic libraries for Illumina sequencing S18 construction and BL21(de3) was used for heterologous protein production. E. coli GM272 [1] harboring the non-transmissible, oriT-mobilizing plasmid pUZ8002 [2] was used for conjugative plasmid transfer into S. cattleya.
Preparation of paired-end genomic libraries for Illumina sequencing. S. cattleya genomic
DNA was isolated using a modified salting-out protocol [3] from a 48 h culture grown in YEME (30 mL) [3] supplemented with 0.5% glycine at 30°C. The cell pellet was collected by centifugation at 15,316 × g for 15 min and resuspended in SET buffer (5 mL; 75 mM NaCl, 25 mM EDTA, 20 mM Tris-HCl pH 7.5). At this time, lysozyme (2 mg) was added and the solution was incubated at 37 °C for 1 h. The solution was incubated for an additional 2 h at 55°C
following addition of proteinase K (2.8 mg) and 10% SDS (0.6 mL). Next, sodium chloride (5.0 M, 2 mL) and chloroform (5 mL) were added after cooling on ice and rewarming to 37°C. After mixing for 30 min at room temperature, the aqueous and organic layer were separated by centrifugation for 20 min at 5,000 × g. The genomic DNA was precipitated from the aqueous layer by addition of 0.6 volumes isopropanol (4.5 mL) and collected by spooling, washed with ethanol (70% v/v), air dried, and resuspended in 10 mM Tris-HCl, 1 mM EDTA, pH 8.0 (2.0 mL) by heating overnight at 55°C. The purity of the genomic DNA was assayed by amplification of the 16s rRNA gene sequence with Platinum Taq HF DNA polymerase using the EUB R933/EUB R1387 [4] and U1 F/U1 R [5] primer sets and sequencing 10 individual colonies from each PCR reaction after insertion into pCR2.1-TOPO. All 20 16s rRNA sequences were found to match with those from S. cattleya A and B from the NCBI database. The genomic library for Illumina sequencing was prepared using the Illumina Genomic DNA Sample Prep Kit (Illumina) with some modifications to the manufacturer specifications. Genomic DNA (25 µg)
was nebulized with Ar at 35 psi for 2 min in nebulizing buffer (700 µL). assembly, the reads were trimmed based on the average Illumina quality score for bases in a sliding window one tenth the length of the read. The reads were truncated to the base where the average quality score in that window dropped below 20. Reads were trimmed to 20 bases if it would have been truncated to <20 bases based on this criterion. These reads were effectively eliminated from the assembly as hash lengths <20 were not used, while maintaining read pair information for the assembly software to use.
Short-read assembly using Velvet. The short reads were assembled using VELVET v. 1.0.14, a program developed for the de novo assembly of short-read sequencing information [6] . An initial assembly was performed using the VelvetOptimizer v. 2.1.7 program using default settings. Next, BWA [7] was used to map the short reads to this assembly to accurately determine the average length and standard deviation of the inserts for use in future assemblies.
VelvetOptimizer was then run again with a defined insert length and standard deviation so that the program would perform optimization of expected coverage and coverage cutoff values on each hash length from 23 to 43. The assembly with the largest N 50 and maximum scaffold length was chosen for further assembly. Contigs that were both <100 bases and not included in a scaffold were assumed to be misassembled and therefore discarded at this time. Next, Image [8] was used to close gaps in the scaffolds generated by Velvet after dissolving them into their constituent contigs. Image was run iteratively on these contigs, one read library at a time, starting with the library with the smallest insert length. Image was run using hash lengths of 43, 33 and 23. Image was run at each hash length until no further gaps could be closed. Next overlaps
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between remaining contigs were joined by CAP3 followed by manual joining of overlapping contigs in Consed to produce the final draft genome.
Short-read assembly using SOAP. The S. cattleya genome was also assembled using SOAP v.
1.05 for comparison. Using the trimmed reads and insert lengths determined above, assemblies were performed with hash lengths ranging from 21 to 43. The assembly with the largest N 50
(hash length 37) was chosen for further assembly. Gapcloser from the SOAP package was used to close gaps present in the scaffolds from this assembly using first the trimmed reads used for the assembly followed by a round with the untrimmed reads. Finally, BWA was used to map the untrimmed reads to the assembled draft genome and the remaining gaps were closed by manually examining the sequence of reads that spanned these gaps.
Genome annotation.
Putative open reading frames as well as structural RNAs were detected and annotated by submission to the IMG Expert Review pipeline at the Joint Genome Institute [9] .
S. cattleya biomass preparation. S. cattleya spores were heat-shocked at 55ºC for 5 min before RNA sequencing analysis. Each lane of RNA-seq reads were mapped to the completed genome of S. cattleya [10] using BWA [7] allowing for no more than 2 mismatched bases. Reads per feature were then extracted from the alignment file using HTseq-count [11] and the annotation of the completed genome. Values for reads mapped to rRNA sequences were removed prior to further data processing. Next, the counts per feature for each condition and time point were quantile normalized using the preprocessCore R package [12] . For differential expression analysis, Multiexperiment Viewer (MeV) was used to perform statistical analysis using edgeR [13] .
DNA microarray design, hybridization, and analysis. Custom DNA microarrays (Agilent Technologies) were designed with 2-4 unique probes for each predicted opening reading frame based on the Velvet draft genome using eArray (https://earray.chem.agilent.com/earray) with a theoretical melting temperature of 85ºC. Custom microarrays containing in situ synthesized 60-mer oligos were then produced by Agilent Technologies (Santa Clara, CA) with a total of 15,744 probes randomly printed on the array (Agilent controls, 536; replicated S. cattleya probes, 240).
cDNA was generated by a two step labeling method of mRNA wherein the ARES DNA labeling Kit (Invitrogen) was used to synthesize amine modified cDNA by incorporating aminoallyldUTP according to the manufacturer protocol from 20 µg of RNA. The remaining RNA was then hydrolyzed using NaOH (1 M), which was subsequently removed using a QIAquick column.
Amine-modified cDNA (3~5 µg) was then labeled with Alexa Fluor 555 or Alexa Fluor 647 according to manufacturer protocol. Equal amounts (3~5 µg) of dye labeled cDNA from the reference and sample were mixed and used for hybridization in a G2545A hybridization oven (Agilent) at 10 rpm for 17 h at 65ºC. The slides were subsequently washed twice each with Solution I for 5 min and Solution II for 5 min followed by drying and scanning by a G2565BA scanner (Agilent). The features were extracted using Agilent Feature extraction software (version 10.7.3.1). Dye bias was normalized by applying the Lowess algorithm and the log 2 fold changes
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were calculated using the processed signals of each probe. The reproducibility was assessed by plotting the log 2 fold change ratios of technical replicates against each other. The following probes were removed before statistical analysis: (1) probes with surrogated signals; (2) probes with processed signal intensity lower than 18 in any two replicates. One sample t-test was applied to log 2 fold changes to determine differentially expressed genes. The probes with log 2 ratios >1 or <-1 and with p values <0.01 were considered showing significant changes between conditions.
Construction of plasmids for protein expression. Standard molecular biology techniques were used to carry out plasmid construction using E. coli DH10B-T1 R as the cloning host. All PCR amplifications were carried out with Phusion polymerase, Platinum Taq High Fidelity or Taq polymerase using the oligonucleotides listed in Table S1 . Briefly, PCR reactions containing 5 -10% DMSO were cycled with melting temperatures of 95°C or 98°C as appropriate for 30 s, at which point cultures were cooled on ice for 20 min, followed by induction of protein expression with IPTG (0.2 mM) and overnight growth at 16°C. Cell pellets were harvested by centrifugation at 9,800 × g for 7 min at 4ºC and stored at -80ºC.
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Frozen cell pellets were thawed and resuspended at 5 mL/g of cell paste in Buffer A (50 mM sodium phosphate, 300 mM sodium chloride, 10 mM imidazole, 10% glycerol, 20 mM β-mercaptoethanol, pH 7.5) supplemented with PMSF (0.5 mM). Preparation of methylthioribose-1-phosphate. Methylthioribose-1-phosphate was synthesized according a modified literature procedure [14] . Methylthioadenosine (22.2 mg, 75 µmol) was dissolved in 50 mM sulfuric acid (25 mL) and heated to 100°C for 3 h. The reaction was then allowed to cool to room temperature followed by passage over a column of Dowex 50WX8-100 (2 mL). The column was washed with water until no further methylthioribose eluted as determined by a reducing sugar assay [15] . The eluent was neutralized with barium hydroxide, filtered to remove precipitate, and lyophilized overnight. The remaining solid was dissolved in a reaction mixture (15 mL) with 5 mM ATP, 5 mM magnesium chloride, 1 mg of His 10 -BS.MtnK and 100 mM HEPES, pH 7.5. The reaction was run overnight at 37°C and then purified using a SepharoseQ column (10 mL) using a linear gradient of 0 -200 mM sodium chloride over 30 column volumes. Fractions containing the methylthioribose-1-phosphate as determined by LC-MS were lyophilized overnight before resuspending in water (1 mL) and desalted by HPLC using an Eclipse XDB C-18 column (5 µm, 9.4 × 250 mm, Agilent) with a gradient from water to 100% acetonitrile over 30 min (3 mL/min). Fractions containing the MTR1P as determined LC-MS were pooled, lyophilized, and resuspended in 100 mM HEPES, pH 7.5 for storage at -80°C. Phosphotransacetylase activity in the acetyl-phosphate forming direction was monitored by a modified literature method to monitor the release of free CoA by DTNB [18] . Assays were performed at 30°C in a total volume of 500 µL containing 100 mM HEPES, pH 7.5, acetyl-CoA Kinetic parameters (k cat , K M, K 0.5 , and n) were determined by fitting the data using Microcal
Origin to the equations:
where v is the initial rate and [S] is the substrate concentration. Standard error generated by nonlinear curve fitting (n = 3).
Measurement of aconitase assay in S. cattleya cell lysates. S. cattleya was cultured as described and harvested 48 h after fluoride addition by centrifugation at 9,800 × g for 7 min at 4ºC. Cell pellets were then resuspended in 50 mM sodium phosphate, pH 7.5 (5 mL/g cell paste)
with lysozyme (1 mg/mL) and incubated at room temperature for 30 min. Aconitase activity was measured using a modified literature method [19] to monitor the production of isocitrate coupled to the production of α-ketoglutarate and NADPH by isocitrate dehydrogenase. Assays (2 mL) were performed at 30°C in a airtight cuvette (Starna Cells;
Atascadero, CA) containing 50 mM sodium phosphate, pH 7.5, NADP + (0.18 mM), magnesium sulfate (1.5 mM), isocitrate dehydrogenase (0.2 U/mL), fluorocitrate (0 -100 µM) and recharged cell lysate (100 µL). The reaction was initiated with addition of citrate (2 mM) and monitored at 340 nm in a Beckman Coulter DU-800 spectrophotometer. Figure S10 ). Linearized SuperCos I vector and partially digested genomic DNA was then S15 ligated and packaged using Gigapack III XL packaging extract (Stratagene). The cosmid library was screened with primers Iso.Sc F1 and Iso.Sc R1 using the pooled PCR approach ( Figure S10 ).
Construction of plasmids for gene disruption in
The colonies (10-12) were combined for the first round of screening in a 96-well PCR plate. The colonies in the positive colony pools were screened individually for the second round to identify positive clones. The cosmid (C6-1) was isolated using Qiagene QIAprep Spin Miniprep Kit for sequencing and confirmed to harbor a S. cattleya genomic fragment containing mri2. The Am R /OriT cassette was amplified from pIJ773 using primers MRI2 LR F and MRI2 LR R and used to disrupt the mri2 gene in C6-1 using the REDIRECT method according to protocol in E.
coli DH10B pIJ790 host cells [20] . Apramycin resistant colonies were picked and disruption of mri2 was confirmed by sequencing. As the upstream and downstream regions were determined to be too large for efficient double crossovers in S. cattleya, the disrupted mri2 with 2 kb upstream and downstream flanking regions were amplified from C6-1-∆mri2::Am R using primers MRI2 UF and MRI2 DR and inserted pCR2.1-TOPO using TA cloning. The resulting plasmid was confirmed by sequencing and used to generate the S. cattleya ∆mri2::Am R strain. were amplified. The Am R /oriT cassette was amplified from pIJ773 using primers flK KF1/flK KR1. Primers for all amplification steps contained extensions at the 5´ and 3´ end such that all PCR products to be assembled contained 50 nt of sequence identity with the preceding and S16 following pieces. The three PCR products and KpnI-linearized pRS316 were transformed into Saccharomyces cerevisiae L4581 for assembly by in vivo homologous recombination.
Transformants containing the circularized plamid and the desired insert were selected on solid synthetic complete dextrose (SCD)-uracil plates. DNA was recovered by phenol/chloroform extraction, resuspended in TE buffer (50 µL; 10 mM Tris-HCl, pH 7.5, 1 mM EDTA), and transformed into E. coli DH10B-T1 R . Transformants were selected on LB agar supplemented with carbenicillin (50 µg/mL) and apramycin (50 µg/mL) and plasmids were verified by sequencing and used to generate the S. cattleya ∆flK::Am R strain.
Conjugative transfer of plasmids from E. coli to S. cattleya. Plasmids for gene disruption were transferred into S. cattleya by conjugation with E. coli GM272 harboring the oriTmobilizing plasmid pUZ8002 using a modified literature protocol [3] . E. coli GM272 pUZ8002
were transformed with plasmids for gene disruption and transformants were selected on LB agar supplemented with kanamycin (50 µg/mL) and apramycin (50 µg/mL) or carbenicillin (50 µg/mL). Single colonies were inoculated into LB supplemented with the appropriate antibiotics and were grown overnight at 37°C shaking at 200 rpm. The overnight E. coli culture was inoculated into LB supplemented with the appropriate antibiotics to OD 600 = 0.1. The culture (10 mL) was grown to an OD 600 of 0.4-0.6 and cells were pelleted by centrifugation, washed twice with sterile water (10 mL), and resuspended in GYM media (0.5 mL). S. cattleya spores (10 8 in 50 µL) were prepared for conjugation by heat shock at 55°C for 5 min followed by addition of GYM (500 µL) and incubation for 4 h at 30°C with shaking at 200 rpm. E. coli (500 µL) were added to spores and the mixture was incubated at 30°C for 1 h with shaking at 200 rpm. The mixture was plated on mannitol-soy flour (MS) media. The plate was incubated for at 30°C for 36 h, and then overlaid with nalidixic acid in 2.5 M MgCl 2 (640 µL, 1.5 mg/mL). After a second incubation for 16 h, the plate was then overlaid with apramycin (20 µL, 50 mg/mL) or hygromycin (20 µL, 50 mg/mL). Ex-conjugants appeared within 5-7 d and gene disruption was verified by PCR amplification of the targeted locus followed by sequencing. Consistent with phenotypes observed in other actinomycetes, ∆mri1-(+):Hm R demonstrates a severe growth defect and is also not competent for organofluorine production. Thus S. cattleya ∆mri1 ∆mri2
was constructed as the ∆mri1-(-):Hm R strain.
Characterizing organofluorine production in S. cattleya wildtype, ∆mri1, ∆mri2, and ∆mri1∆mri2 strains. Single colonies of wildtype, ∆mri1, ∆mri2, and ∆mri1∆mri2, were picked from SMMS [3] plates and inoculated into GYM pH 7 (2 mL) with glass beads (5 mm) to obtain dispersed growth. After 4 d of growth, cultures were sub-cultured into GYM pH 7 (25 mL) and grown overnight. These overnight cultures were then used to inoculate GYM pH 5 (1 L) to an S17 OD 600 of 0.05. After 24 h, sodium fluoride (2 mM final concentration) was added to the cultures.
At appropriate time points, aliquots of the cultures (50 mL) were removed, OD 600 was determined, and cells were pelleted by centrifugation at 9,800 × g for 7 min at 4ºC. Fluoride concentration in the supernatant was determined using a fluoride electrode against a standard curve in GYM pH 5. The supernatant (45 mL) was lyophilized and resuspended in 80% Tris-HCl information that represented an estimated 1,000-fold coverage of the predicted genome size [3] .
Although the read length and quality have continued to increase since these libraries were sequenced, the resulting 45-and 61-base paired-end reads were sufficient to generate a final assembly on par with a draft genome sequence assembled from 84-base paired-end reads for a related actinomycetes [25] .
Velvet assembly. The reads from all four libraries were combined and assembled using VelvetOptimiser, which allows for automated optimization of parameters such as hash length (Table S2 , 1) [6] . Although trimming the reads based on quality scores resulted in an increase in the total number of contigs and scaffolds in the assembly, this step helps to remove low quality bases and thus reduces the errors in the assembly. With the processed reads, VelvetOptimizer produced an 8.04 Mb genome assembly comprised of 343 total scaffolds and contigs with a slightly longer maximum scaffold length compared to the assembly generated from untrimmed reads ( Table S2 , 2). After mapping reads using BWA [7] to obtain an accurate measure of the insert lengths and its standard deviation, the assembly was reduced to 205 contigs and scaffolds (Table S2, 3) . At this point, contigs that were both less than 100 bases in length and not included in a scaffold were removed from the assembly as they were assumed to originate from the termination of a missassembly at the short read level, leaving 8.05 Mb bases in 73 scaffolds and contigs. (Table S2 , 4)
With an initial draft in hand generated from VelvetOptimizer, we next used IMAGE [8] in order to extend the ends and close the gaps between contigs that had been placed together on a scaffold by Velvet. First, the scaffolds produced by Velvet were broken down into their constituent contigs, leaving the assembly with 7.96 Mb assembled in 2,281 contigs ( . As a final assembly the contigs were examined using Consed [27] to explore any remaining overlaps between contigs.
Surprisingly, a substantial number of overlaps between contigs were identified in Consed.
Contigs that overlapped on the appropriate strand were joined if the ends of those contigs matched exactly and the overlaps were longer than 100 bases. This assembly resulted in 8.07 SOAPdenovo. For comparison, we also tested a newer and more automated short-read assembler, SOAPdenovo63mer v 1.05 [28] , to produce an initial assembly of 8.01 Mb over 252 scaffolds and contigs (Table S2 , 9). Gaps (71 gaps) were then closed in the resultant scaffolds using the Gapcloser utility in SOAPdenovo. The remaining gaps in scaffolds (62 gaps) were then manually closed by aligning reads to the de novo SOAPdenovo assembly with BWA, to produce an assembly of 192 contigs after removal of contigs <200 bases (Table S2 , 10). Table S2 . Stepwise assembly statistics for the S. cattleya draft genome. Descriptions of the state of the draft genome after each step in the assembly process are given. Initial assembly with unprocessed reads (1), assembly with trimmed reads (2) and assembly with defined insert length (3). Followed by removal of presumably misassembled short contigs (4), scaffolds broken up into their constitutive contigs (5), after automated gap closing (6), after automated joining of overlapping contigs (7) and after manual joining of overlapping contigs (8) . Initial assembly by SOAPdenovo63mer (9) and final SOAP assembly after gap closing and elimination of short contigs (10). [29] . Tree was produced using the BioNJ algorithm with 10,000 replicate bootstraps in Seaview [30] . By homology to the major vegetative citrate synthases from S. coelicolor (92%) and S. hygroscopis (93%) as well as distance relationships with canonical hexameric and dimeric CSs, Cit1 should be the major CS in S. cattleya. Figure S19 . Decoupling of acetyl-CoA and fluoroacetyl-CoA hydrolysis from citrate and fluorocitrate synthesis. As the literature CS assay monitors CoA release, which can also arise from hydrolysis of the acyl-CoA, the extent of conversion of acetyl-CoA and fluoroacetyl-CoA to citrate (red) and fluorocitrate (gray), respectively, was quantified after the reaction was allowed to run to completion. All citrate synthases demonstrated substantial decoupling of fluoroacetylCoA hydrolysis from fluorocitrate production, but the level of decoupling was not substantially different for the S. cattleya homologs. Figure S22 . Transcriptional response of the crcB locus in the presence (red) and absence (grey) of fluoride (2 mM) at 48 h. Recently, structural RNAs with the crcB motif have been reported to be fluoride-responsive riboswitches [32] . Searching the S. cattleya genome with the co-variance model for the crcB motif using Infernal [33] did not yield any hits; however, a crcB gene in S, cattleya is upregulated 2.1-fold in the presence of fluoride suggesting that S. cattleya may export fluoride under these growth conditions. Additionally, a substantial number of reads map to the genome in the intergenic region upstream from the crcB gene possibly indicating the presence of a structured 5´-UTR that could be a fluoride riboswitch. RNA-seq reads were aligned using BWA and the resulting BAM files were visualized with Artemis. Figure S23 . Alignment of "selectivity filter" residues from select eriC orthologs. S. cattleya also contains an ortholog of eriC, another gene often found under the control of a fluoride-responsive riboswitch. The S. cattleya EriC appears to contain "selectivity filter" residues that are more similar to those of chloride specific transporters than those whose substrate is fluoride [32] and is not differentially expressed in the presence of fluoride under these conditions. Alignments were generated with Muscle. Residues from the S. cattleya eriC that are conserved among the chloride specific and not the fluoride specific eriCs are highlighted in red.
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Pseudomonas syringae (F) GNNLI GREGT GEVTP Y Clostridium difficile (F)
GMNLI GREGV GEVTP Y Arabidopsis lyrata (nitrate) GPGIP GKEGP GLFLP Y Escherichia coli (Cl) GSGIP GREGP GIFAP Y Homo sapiens (Cl) GSGIP GKEGP GLFIP Y Streptomyces cattleya GHGMP GAEGP GVLAP L Table S5 . Alignment and predicted substrate of acetyl-transferase (AT) domains in predicted polyketide synthases. Forty-four AT domains were identified using Hmmer and aligned with ClustalW. Substrate specificity was predicted based on previously reported patterns for AT domain specificity [34] , suggesting that 27 likely use a malonyl-CoA extender unit and 8 likely use a methylmalonyl-CoA extender unit, leaving 9 utilizing an ambiguous extender unit 
